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Description 

The present invention relates to an alpha-olefin 
polymerization process carried out in a gas phase 
polymerization reactor fed with alpha-olefin and 
with a catalyst based on chromium oxide. 

It is known to polymerize continuously one or 
more alpha-olefins, such as for example ethylene, 
in the gas phase, in a reactor with a fluidized 
and/or mechanically agitated bed, in the presence 
of a catalyst based on chromium oxide associated 
with a granular support and activated by a heat 
treatment. The polymer particles which are being 
formed are kept in the fluidized and/or agitated 
state in a gaseous reaction mixture containing the 
alpha-olefin or alpha-olefins which are introduced 
into the reactor. The catalyst is introduced continu- 
ously or intermittently into the reactor while the 
polymer constituting the fluidized and/or mechani- 
cally agitated bed is withdrawn from the reactor, 
again continuously or intermittently. Generally the 
gaseous mixture leaves through the top of the 
reactor and is recycled to the reactor through a 
recycle conduit and a compressor. During this re- 
cycling the gaseous mixture is generally cooled 
with the aid of a heat exchanger so as to remove 
the heat produced during the polymerization reac- 
tion. 

It is known, according to EP-A-376 559 to carry 
out a gas phase polymerization process by main- 
taining substancially constant certain operating 
conditions. This is an example of the known pro- 
cesses in which the partial pressures of the main 
constituants of the gaseous reaction mixture as well 
as the total pressure of this gaseous reaction mix- 
ture within the reactor are maintained constant. 
However in this case it has been found that small 
variations in the progress of the polymerization can 
cause an unexpected increase in the quantity of 
heat evolved by the polymerization reaction. These 
small variations in the polymerization conditions 
can result especially from slight unavoidable vari- 
ations in the quality of the catalyst or of the alpha- 
olefins employed in the reaction, or from variations 
in the feed rate of the catalyst or withdrawal rate of 
the polymer produced, the residence time of the 
polymer in the reactor or else the composition of 
the gaseous reaction mixture. These variations in 
the progress of the polymerization are particularly 
troublesome in a gas phase polymerization process 
as compared with slurry or solution polymerization 
processes because of the fact that the heat ex- 
change capacity of a gas phase is much lower than 
that of a liquid phase. Thus an increase in the 
quantity of heat which cannot be removed suffi- 
ciently rapidly and efficiently by the gaseous reac- 
tion mixture can give rise to the appearance of hot 
spots in the bed and to the formation of agglomer- 



ates caused by melting polymer. When hot spots 
appear in the bed, it is generally too late to prevent 
the formation of agglomerates. Nevertheless, if the 
reaction conditions are corrected sufficiently early, 

5 for example, if the polymerization temperature or 
else the rate of feed of the catalyst into the reactor 
is reduced, the detrimental effects of superactiva- 
tion can be limited. Such actions can reduce the 
amount and size of the agglomerates formed to a 

w certain extent, but it will not be possible to prevent 
a fall, in the production and quality of the polymer 
manufactured during this period. As a result it is 
generally accepted that if it is desired to avoid 
these disadvantages, the general polymerization 

75 conditions should be chosen with a safety margin 
such that the hot spots and agglomerates are un- 
likely to form. 

It is also observed, in such a process, that the 
variations in the progress of the polymerization 

20 make it difficult or even impossible to obtain a 
polymer with a constant quality and, in particular, a 
uniform melt flow index. 

A gas phase alpha-olefin polymerization pro- 
cess has now been found which makes it possible 

25 to avoid or at least mitigate the afore-mentioned 
disadvantages. In particular, the process enables 
polymers to be manufactured continuously with a 
high productivity and a constant or substantially 
constant quality, which process is able to ac- 

30 comodate small variations in the progress of the 
polymerization without the formation of agglomer- 
ates. 

The present invention therefore relates to a 
continuous process for the polymerization of an 

35 alpha- olefin having from 2 to 12 carbon atoms, 
which is carried out in a gas phase polymerization 
reactor by bringing a gaseous reaction mixture, 
containing the alpha-olefin to be polymerized, into 
contact with a catalyst based on chromium oxide 

40 associated with a granular support and activated by 
a heat treatment, said process being characterized 
in that the polymerization reactor is fed with (a) 
alpha-olefin and (b) catalyst at constant rates. 

According to the present invention, it is gen- 

45 erally accepted that a rate is constant if it does not 
vary by more than 5%, preferably by not more 
than 2%, and that a ratio of two quantities is 
constant if it does not vary by more than 10%, 
preferably by not more than 5%. 

so According to the present invention, the gas 
phase polymerization reaction must be carried out 
in a reactor which is fed with alpha-olefin at a 
constant rate, as a result of which there are vari- 
ations in the total pressure of the gaseous reaction 

55 mixture and/or the partial pressure of alpha-olefin in 
the polymerization reactor. It is found, that the 
process of the invention permits efficient regulation 
of the polymerization reaction, irrespective of the 



3 



EP 0 475 603 B1 



4 



variations in the progress of the polymerization, 
thereby avoiding the formation of hot spots and 
agglomerates. Thus it is observed that a rise or fall 
in this quantity of heat is automatically counterac- 
ted respectively by a fall or rise in the partial 
pressure of alpha-olefin. More particularly, it is also 
found that the polymerization rate is also regulated 
by variations in the partial pressure of alphaolefin 
when slight fluctuations occur in the quality of the 
constituents of the gaseous reaction mixture and/or 
the catalyst. One of the advantages of the process 
is the ability to produce polymer without undue 
concern for the formation of hot spots and agglom- 
erates due to unavoidable variations in the 
progress of the polymerization. Another advantage 
of the process is that the polymerization is directly 
regulated by maintening constant the feed rate of 
alpha-olefin. Advantageously the latter is kept con- 
stant during the polymerization with the aid of a 
flow regulating system. 

Furthermore, the polymerization reactor must 
be fed with catalyst at a constant rate. In fact, it is 
found, unexpectedly, that this condition is also es- 
sential for obtaining a polymer of constant quality 
and especially for obtaining a polymer with a uni- 
form melt flow index during the polymerization. 

According to the process of the invention, the 
total pressure of the gaseous reaction mixture is 
most frequently between 0.5 and 5 MPa, preferably 
between 1.5 and 2.5 MPa, and can vary freely, 
preferably with maximum variations of less than 0.3 
MPa and in most cases of the order of 0.1 MPa. 
However, for general safety reasons, the pressure 
of the gaseous mixture does not generally exceed 
a predetermined maximum pressure which de- 
pends essentially on the reactor used. The latter 
can advantageously be vented as soon as the 
pressure of the gaseous reaction mixture reaches 
the maximum pressure. Furthermore, the pressure 
of the gaseous reaction mixture is preferably kept 
above a predetermined minimum pressure which 
must permit a minimum and sufficient removal of 
the heat evolved by the polymerization. When the 
polymerization is carried out in a fluidized bed 
reactor, this minimum pressure must also permit a 
sufficient fluidization velocity to ensure a good 
fluidization of the polymer particles forming in the 
fluidized bed. The pressure of the gaseous reaction 
mixture is kept above the minimum pressure by 
introducing an inert gas having a good heat ex- 
change capacity, such as nitrogen, into this gas- 
eous mixture. Said inert gas can be introduced by 
means of a pressure control device. The gaseous 
reaction mixture generally contains a variable vol- 
ume of inert gas ranging from 20 to 60%. 

According to the process of the invention, the 
partial pressure of alpha-olefin can also vary freely. 
However, in order to limit the polymerization rate, 



the partial pressure of alpha-olefin most frequently 
represents at most 60% and preferably 40% of the 
maximum pressure of the gaseous reaction mix- 
ture. Furthermore, in order to avoid an excessive 
5 reduction in the heat exchange capacity of the 
gaseous reaction mixture and an excessive reduc- 
tion in the polymerization rate, the partial pressure 
of alpha-olefin generally represents at least 10% 
and preferably at least 20% of the minimum pres- 

w sure of the gaseous reaction mixture. 

Apart from the alpha-olefin to be polymerized, 
the gaseous reaction mixture can contain a chain 
limiter such as, for example, hydrogen. It is prefer- 
ably introduced into the polymerization reactor at a 

75 rate which makes it possible to maintain a constant 
partial pressure of chain limiter in the gaseous 
reaction mixture. This pressure is advantageously 
kept constant by means of a regulating system 
which controls the rate of introduction of chain 

20 limiter. This partial pressure preferably represents 
less than 20% and more particularly from 15 to 
18% of the pressure of the gaseous reaction mix- 
ture and is generally of the order of 0.3 MPa. 

According to the invention, the alpha-olefin can 

25 be polymerized with one or more different alpha- 
olefins having from 2 to 12 carbon atoms, which 
are hereinafter called comonomers and are used in 
smaller amounts. A comonomer can be introduced 
into the polymerization reactor at a constant rate. 

30 However, to produce a polymer of constant den- 
sity, a comonomer is preferably introduced into the 
polymerization reactor at a rate which enables the 
ratio of the partial pressure of comonomer to the 
partial pressure of alpha-olefin in the gaseous reac- 

35 tion mixture to be kept constant. This ratio is ad- 
vantageously kept constant by means of a regulat- 
ing system which controls the rate of introduction 
of comonomer. Furthermore, this ratio is generally 
less than 0.20 and preferably less than 0.1. 

40 By virtue of the process of the invention, it is 
possible to employ catalysts based on chromium 
oxide which have a very high efficiency and whose 
polymerization activity is particularly sensitive to 
slight variations in the polymerization conditions. 

45 The polymerization catalyst used comprises a re- 
fractory oxide compound and is activated by a heat 
treatment which is advantageously carried out at a 
temperature of at least 250 " C and at most equal to 
the temperature at which the granular support 

so starts to sinter, and under a non- reducing at- 
mosphere, preferably an oxidizing atmosphere. 
This catalyst can be obtained by a large number of 
known processes, especially by those comprising 
two steps in which, in a first step (A), a chromium 

55 compound such as a chromium oxide generally of 
the formula CrOa, or a chromium compound ca- 
pable of being converted to chromium oxide by 
calcination, such as, for example, a chromium ni- 
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trate or sulphate, an ammonium chromate, a chro- 
mium carbonate, acetate or acetylacetonate or a 
tert-butyl chromate, is associated with a granular 
support based on a refractory oxide such as, for 
example, silica, alumina, zirconium oxide, thorium 
oxide, titanium oxide or mixtures or coprecipitates 
of two or more of these oxides and in a second 
step (B), the chromium compound associated with 
the granular support in step (A) is subjected to a 
so-called activation operation by heat treatment at 
a temperature of at least 250 • C and at most equal 
to the temperature at which the granular support 
starts to sinter; the temperature of the heat treat- 
ment is generally between 250 and 1200*C and 
preferably between 350 and 1000*C. This heat 
treatment is carried out under a non-reducing at- 
mosphere, preferably under an oxidizing atmo- 
sphere, which generally consists of a gaseous mix- 
ture comprising oxygen, such as, for example, air. 
The duration of the heat treatment can be between 
5 minutes and 24 hours, preferably between 30 
minutes and 15 hours, so that at the end of this 
treatment, thy chromium compound is at least par- 
tially in the hexavalent state. The proportion by 
weight of chromium in the catalyst obtained in this 
way is generally between 0.05 and 30% and pref- 
erably between 0.1 and 3%. The granular supports 
based on a refractory oxide which are used in the 
preparation of the catalysts according to the inven- 
tion generally take the form of solid particles whose 
weight-average diameter can be between 20 and 
300 microns. 

The catalyst activation operation can be carried 
out in the presence of fluorine compounds selected 
from ammonium hexafluorotitanate, 

tetrafluoroborate and hexafluorosilicate, and, if ap- 
propriate, in the presence of a titanium compound 
selected from titanium alcoholates. The catalysts 
prepared in this way contain fluorides and titanium 
oxide. The proportions by weight of fluorine and 
titanium in these catalysts can be between 0.05 
and 8% and, respectively, 0.1 and 20%. 

Advantageously, the catalyst used in the pro- 
cess of the invention can be employed in the form 
of a prepolymer. This can be prepared in a 
prepolymerization step which consists in bringing 
the catalyst based on chromium oxide into contact 
with at least one alpha- olefin having from 2 to 12 
carbon atoms. The prepolymerization can be car- 
ried out in one or more steps, either in suspension 
in a liquid hydrocarbon medium, or in the gas 
phase in a reactor with a fluidized bed and/or a bed 
provided with a mechanical agitating system, at a 
temperature preferably of between 40 and 115*C. 
The prepolymerization can advantageously be car- 
ried out in the presence of at least one or- 
ganometallic compound of a metal of groups I to III 
of the Periodic Table of the elements, such as an 



organoaluminium, organomagnesium or organozinc 
compound. In general, the prepolymerization is 
continued until the prepolymer contains from 10~ 5 
to 3 and preferably from 10" 3 to 10" 1 millimols of 
5 chromium per gram of prepolymer. 

The catalyst is introduced into the reactor in 
the form of a dry powder or in suspension in an 
inert liquid hydrocarbon. It is introduced at a con- 
stant rate but can be introduced continuously or 

70 intermittently. 

To increase the yield of the polymerization 
reaction, an organometallic compound of a metal of 
groups I to III of the Periodic Table of the elements 
is advantageously introduced into the reactor, in- 

75 dependently of the catalyst. The organometallic 
compound independent of the catalyst can be in- 
troduced into the polymerization reactor at a con- 
stant rate. The ratio of the rate of introduction of 
this independently introduced organometallic com- 

20 pound to the feed rate of alpha-olefin expressed in 
millimol of organometallic compound per kilogram 
of alpha-olefin, is generally less than 0.2 and most 
frequently between 0.03 and 0.1. 

The polymerization is carried out continuously 

25 in a gas phase polymerization reactor, which can 
be a reactor with a fluidized and/or mechanically 
agitated bed, by techniques known per se and 
using equipment such as that described in French 
patent n* 2 207 145 or French patent n* 2 335 

30 526. The process is particularly suitable for very 
large industrial reactors. Generally the gaseous re- 
action mixture leaves through the top of the reactor 
and is recycled to the reactor through a recycle 
conduit and a compressor. During this recycling, 

35 the gaseous mixture is generally cooled with the 
aid of a heat exchanger so as to remove the heat 
produced during the polymerization reaction. The 
polymerization reaction is generally carried out at a 
temperature of between 0 and 130"C. 

40 The process is suitable for the polymerization 

of one or more alpha-olefins containing from 2 to 
12 carbon atoms, in particular for the polymeriza- 
tion of ethylene. It is particularly suitable for the 
copolymerization of ethylene with at least one al- 

45 pha-olefin containing from 3 to 12 carbon atoms. 
The gaseous reaction mixture can contain hydro- 
gen and an inert gas selected for example from 
nitrogen, methane, ethane, butane, isobutane. 
When a fluidized bed reactor is used, the fluidiza- 

50 tion velocity of the gaseous reaction mixture pass- 
ing through the fluidized bed is preferably from 2 
to 8 times the minimum fluidization velocity, i.e. 
generally from 20 to 80 cm/s. The polymer manu- 
factured is withdrawn from the polymerization reac- 

55 tor continuously or intermittently and, preferably, at 
a constant rate. 

According to the present invention a condition 
of the process can be kept constant at a predeter- 
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mined value by means of a process control com- 
puter which is connected to means of control ca- 
pable of maintenaing the condition at the predeter- 
mined value. This condition can be a ratio between 
two partial pressures. 

The present invention is illustrated below with 
reference to the drawing, which is a schematic 
representation of a fluidized bed polymerization 
reactor suitable for use in the present invention. 

Drawing schematically shows a fluidized bed 
gas phase polymerization reactor (1) consisting es- 
sentially of a vertical cylinder (2) surmounted by a 
disengagement chamber (3) and provided in its 
lower part with a fluidization grid (4) and with a 
recycling line (5) connecting the top of the dis- 
engagement chamber to the lower part of the reac- 
tor, located under the fluidization grid, said re- 
cycling line being equipped with a heat exchanger 
(6), a compressor (7) and feed lines for ethylene 
(8), butene (9), hydrogen (10) and nitrogen (11). 
The reactor is also equipped with a prepolymer 
feed line (12) and a withdrawal line (13). 

This reactor operates in such a way that the 
flow rate of ethylene entering the system via the 
line (8) is constant and that the flow rate of 
prepolymer entering the system via the line (12) is 
also constant. 

The Examples below illustrate the present in- 
vention. 

Example 1 : 

Manufacture of a high density polyethylene 

The operation was carried out in a fluidized 
bed gas phase polymerization reactor such as that 
shown schematically in the drawing, which con- 
sisted of a vertical cylinder 90 cm in diameter and 
6 m in height. 

Above the fluidization grid, the reactor con- 
tained a fluidized bed kept at 103 *C, which had a 
height of 2.50 m and consisted of 430 kg of a high- 
density polyethylene powder in the process of be- 
ing formed. A gaseous reaction mixture containing 
ethylene, hydrogen and nitrogen, the pressure of 
which was allowed to vary between 1 .55 and 1 .65 
MPa, passed through this fluidized bed with an 
ascending fluidization velocity of 0.40 m/s. 

A catalyst based on chromium oxide (A), pre- 
pared by subjecting a catalyst sold under the 
trademark "EP 307" by JOSEPH CROSFIELD AND 
SONS (Warrington, Great Britain), containing 1% 
by weight of chromium in the form of chromium 
oxide of the formula Cr0 3 and 3.8% by weight of 
titanium in the form of titanium oxide of the formula 
Ti0 2 , associated with a silica support, to a heat 
treatment for 4 hours at 815*C, was introduced 
intermittently with time into the reactor. The cata- 



lyst (A) had been converted beforehand to a 
prepolymer containing 50 g of polyethylene per 
millimol of chromium and an amount of tri-n-oc- 
tylaluminium (TnOA) such that the ratio Al/Cr was 
s equal to 1.125 ± 0.005. The rate of introduction of 
the prepolymer into the reactor was kept constant 
at 320 g/h. 

During the polymerization, ethylene was intro- 
duced into the reactor at a regulated and constant 

10 rate of 100 kg/h and hydrogen was introduced so 
as to keep the partial pressure of hydrogen in the 
gaseous reaction mixture constant at 0.3 MPa. 

Under these conditions, 100 kg/h of a polyeth- 
ylene were produced which had a specific gravity 

75 of 0.955, a constant melt flow index, measured at 
190*C under a load of 5 kg, of 1.3 g/10 minutes 
and a proportion by weight of chromium of 3 ppm, 
and which consisted of particles with a weight- 
average diameter of 1200 microns. It was observed 

20 over several days of continuous polymerization that 
the production of polymer remained constant at 
100 kg/h, without the formation of agglomerates, 
and that the quality of the high-density polyethyl- 
ene manufactured by this process remained con- 

25 stant and very satisfactory, despite variations in the 
polymerization conditions and especially despite 
the random variations in the activity of the catalyst 
and the unpredictable and not easily detectable 
fluctuations in the impurities brought in by the 

30 ethylene and the other constituents of the gaseous 
reaction mixture. 

Example 2 : 

35 Manufacture of a high-density polyethylene 

The operation was carried out in a fluidized 
bed gas phase polymerization reactor similar to 
that shown schematically in the drawing, which 

40 consisted of a vertical cylinder 3 m in diameter and 
10 m in height and which comprised an additional 
heat exchanger which was placed between the 
bottom of the reactor and the compressor. 

Above the fluidization grid, the reactor con- 

45 tained a fluidized bed kept at 106*C, which had a 
height of 8 m and consisted of 17 tonnes of a high- 
density polyethylene powder in the process of be- 
ing formed. A gaseous reaction mixture containing 
ethylene, hydrogen and nitrogen, the pressure of 

so which was allowed to vary between 1.90 and 2.10 
MPa, passed through this fluidized bed with an 
ascending fluidization velocity of 0.55 m/s. 

A catalyst based on chromium oxide (B), pre- 
pared by subjecting a catalyst sold under the 

55 trademark "EP 307" by JOSEPH CROSFIELD AND 
SONS (Warrington, Great Britain), containing 1% 
by weight of chromium in the form of chromium 
oxide of the formula Cr0 3 and 3.8% by weight of 
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titanium in the form of titanium oxide of the formula 
Ti02, associated with a silica support, to a heat 
treatment for 4 hours at 550 *C, was introduced 
intermittently with time into the reactor. The cata- 
lyst (B) had been converted beforehand to a 
prepolymer containing 50 g of polyethylene per 
millimol of chromium and an amount of tri-n-oc- 
tylaluminium (TnOA) such that the ratio Al/Cr is 
equal to 1.125 ± 0.005. The rate of introduction of 
the prepolymer into the reactor was kept constant 
at 20.4 kg/h. 

During the polymerization, ethylene was intro- 
duced into the reactor at a regulated and constant 
rate of 5300 kg/h and hydrogen was introduced so 
as to keep the partial pressure of hydrogen in the 
gaseous reaction mixture constant and equal to 0.3 
MPa. 360 millimols per hour of triethylaluminium 
were also introduced into the reactor at a constant 
rate. 

Under these conditions, 5300 kg/h of a polyeth- 
ylene were produced which had a specific gravity 
of 0.952, a constant melt flow index, measured at 
190'C under a load of 5 kg, of 1.3 g/10 minutes 
and a proportion by weight of chromium of 4 ppm, 
and which consisted of particles with a weight- 
average diameter of 900 microns. It was observed 
over several days of continuous polymerization that 
the production of polymer remained constant at 
5300 kg/h, without the formation of agglomerates, 
and that the quality of the high-density polyethyl- 
ene manufactured by this process, especially its 
melt flow index, remained constant and very sat- 
isfactory, despite variations in the polymerization 
conditions and especially despite the random vari- 
ations in the activity of the catalyst and the un- 
predictable and not easily detectable fluctuations in 
the impurities brought in by the ethylene and the 
other constituents of the gaseous reaction mixture. 

Example 3 : 

Manufacture of a linear low-density polyethylene 

The operation was carried out in a fluidized 
bed gas phase polymerization reactor similar to 
that shown schematically in the drawing, which 
consisted of a vertical cylinder 3 m in diameter and 
10 m in height and which comprised an additional 
heat exchanger which was placed between the 
bottom of the reactor and the compressor. 

Above the fluidization grid, the reactor con- 
tained a fluidized bed kept at 90 " C, which had a 
height of 8 m and consisted of 15 tonnes of a 
linear low- density polyethylene powder in the pro- 
cess of being formed. A gaseous reaction mixture 
containing ethylene, but-1-ene, hydrogen and nitro- 
gen, the pressure of which was allowed to vary 
between 1.90 and 2.10 MPa, passed through this 



fluidized bed with an ascending fluidization velocity 
of 0.55 m/s. 

A catalyst based on chromium oxide (C), pre- 
pared by subjecting a catalyst sold under the 

5 trademark "EP 307" by JOSEPH CROSFIELD AND 
SONS (Warrington, Great Britain), containing 1% 
by weight of chromium in the form of chromium 
oxide of the formula Cr0 3 and 3.8% by weight of 
titanium in the form of titanium oxide of the formula 

w T\0 2 , associated with a silica support, to a heat 
treatment for 4 hours at 815*C, was introduced 
intermittently with time into the reactor. The cata- 
lyst (C) had been converted beforehand to a 
prepolymer containing 50 g of polyethylene per 

15 millimol of chromium and an amount of tri-n-oc- 
tylaluminium (TnOA) such that the ratio Al/Cr was 
equal to 1.125 ± 0.005. The rate of introduction of 
the prepolymer into the reactor was kept constant 
at 22 kg/hour. 

20 During the polymerization, ethylene was intro- 

duced into the reactor at a regulated and constant 
rate of 4600 kg/hour, hydrogen was introduced so 
as to keep the partial pressure of hydrogen in the 
gaseous reaction mixture constant and equal to 0.3 

25 MPa, and but-1- ene was introduced so as to keep 
the ratio of the partial pressure of but-1 -ene to the 
partial pressure of ethylene constant at 0.06 in the 
gaseous reaction mixture. 300 millimol per hour of 
triethylaluminium are also introduced into the reac- 

30 tor at a constant rate. 

Under these conditions, 4600 kg of a polyethyl- 
ene were produced which had a specific gravity of 

0. 924, a melt flow index, measured at 190' C under 
a load of 5 kg, of 0.8 g/10 minutes and a proportion 

35 of chromium of 5 ppm, and which consisted of 
particles with a weight- average diameter of 1050 
microns. It was observed over several hours of 
continuous polymerization that the production of 
polymer remained constant at 4600 kg/h, without 

40 the formation of agglomerates, and that the quality 
of the linear low-density polyethylene manufactured 
by this process, especially its melt flow index, 
remained constant and very satisfactory, despite 
variations in the polymerization conditions and es- 

45 pecially despite the random variations in the activ- 
ity of the catalyst and the unpredictable and not 
easily detectable fluctuations in the impurities 
brought in by the ethylene and the other constitu- 
ents of the gaseous, reaction mixture. 

50 

Claims 

1. A continuous process for the polymerization of 
an alpha-olefin having from 2 to 12 carbon 

55 atoms, which is carried out in a gas phase 

polymerization reactor by bringing a gaseous 
reaction mixture, containing the alpha-olefin to 
be polymerized, into contact with a catalyst 
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based on chromium oxide associated with a 
granular support and activated by a heat treat- 
ment, said process being characterized in that 
the polymerization reactor is fed with (a) alpha- 
olefin and (b) catalyst at constant rates. 5 



11. A process according to any one of Claims 1 to 
10, characterized in that the polymerization is 
carried out in a fluidized reactor under a pres- 
sure of 0.5 to 5 MPa and at a temperature of 
between 0 and 130*C. 



2. A process according to Claim 1, characterized 
in that the feed rate of alpha-olefin is kept 
constant with the aid of a flow regulating sys- 
tem. 10 



12. A process according to any one of Claims 1 to 
11, characterized in that a condition of the 
process is kept constant at a predetermined 
value by means of a process control computer. 



3. A process according to any one of Claims 1 to 
2 characterized in that the total pressure of the 
gaseous reaction mixture does not exceed a 
predetermined maximum pressure. 

4. A process according to any one of Claims 1 to 

3, characterized in that the total pressure of 
the gaseous reaction mixture is kept above a 
predetermined minimum pressure. 

5. A process according to any one of Claims 1 to 

4, characterized in that a chain limiter is intro- 
duced into the polymerization reactor so as to 
keep the partial pressure of chain limiter con- 
stant in the gaseous reaction mixture. 

6. A process according to any one of Claims 1 to 

5, characterized in that a comonomer is intro- 
duced into the polymerization reactor at a rate 
which enables the ratio of the partial pressure 
of comonomer to the partial pressure of al- 
phaolefin to be kept constant in the gaseous 
reaction mixture. 

7. A process according to any one of Claims 1 to 

6, characterized in that an organometallic com- 
pound of a metal of groups I to III of the 
Periodic Table of the elements is introduced, 
separately from the catalyst, at a constant rate. 

8. A process according to any one of Claims 1 to 

7, characterized in that the catalyst comprises, 
apart from a chromium oxide compound, 
titanium oxide in an amount such that the 
proportion by weight of titanium in said cata- 
lyst is between 0.1 and 20%. 

9. A process according to any one of Claims 1 to 

8, characterized in that the proportion by 
weight of chromium in the catalyst is between 
0.05 and 30%. 

10. A process according to any one of Claims 1 to 

9, characterized in that the catalyst is intro- 
duced into the polymerization reactor in the 
form of a prepolymer. 



Patentanspruche 

1. Kontinuierliches Verfahren zur Polymerisation 
75 eines 2 bis 12 Kohlenstoffatome aufweisenden 

a-Olefins, das in einem Gasphasenpolymerisa- 
tionsreaktor ausgefuhrt wird, durch Inkontakt- 
bringen eines gasformigen Reaktionsgemi- 
sches, das das zu polymerisierende a-Olefin 

20 enthalt, mit einem Katalysator auf der Basis 

von Chromoxid, der mit einem kornchenfomi- 
gen Trager verbunden und durch Hitzebehand- 
lung aktiviert ist, wobei das verfahren dadurch 
gekennzeichnet ist, daB der Polymerisationsre- 

25 aktor mit (a) einem a-Olefin und (b) einem 

Katalysator bei konstanten Geschwindigkeiten 
gespeist wird. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
30 zeichnet, daB die Zufuhrungsgeschwindigkeit 

des cr-Olefins mit Hilfe eines FluBregulationssy- 
stems konstant gehalten wird. 

3. Verfahren nach einem der Anspruche 1 bis 2, 
35 dadurch gekennzeichnet, daB der Gesamtdruck 

des gasformigen Reaktionsgemisches nicht 
Ober einen vorbestimmten Maxi maid ruck 
steigt. 

40 4. Verfahren nach einem der Anspruche 1 bis 3, 
dadurch gekennzeichnet, daB der Gesamtdruck 
des gasformigen Reaktionsgemisches ober- 
halb eines vorbestimmten Minimaldrucks ge- 
halten wird. 

45 

5. Verfahren nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daB ein Kettenstop- 
per in den Polymerisationsreaktor so einge- 
fuhrt wird, daB der Partialdruck des Kettenstop- 

50 pers in dem gasformigen Reaktionsgemisch 
konstant gehalten wird. 

6. Verfahren nach einem der Anspruche 1 bis 5, 
dadurch gekennzeichnet, daB ein Comonomer 

55 in den Polymerisationsreaktor mit einer Ge- 

schwindigkeit eingefuhrt wird, die es ermog- 
licht, das verhaltnis des Partialdruckes von Co- 
monomer zu dem Partialdruck von a-Olefin in 
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dem gasformigen Reaktionsgemisch konstant 
zu halten. 

7. Verfahren nach einem der AnsprUche 1 bis 6, 
dadurch gekennzeichnet. dafl eine Organome- 5 
tallverbindung eines Metails der Gruppen I bis 

III des Periodensystems der Elemente getrennt 
vom Katalysator bei einer konstanten Ge- 
schwindigkeit eingefUhrt wlrd. 

w 

8. Verfahren nach einem der Anspruche 1 bis 7, 
dadurch gekennzeichnet, daB der Katalysator 
neben einer Chromoxidverbindung Titanoxid in 
einer Menge umfaSt, so daB der Gewichtsanteil 

von Titan in dem Katalysator zwischen 0,1 und 75 
20 % betragt. 

9. Verfahren nach einem der Anspruche 1 bis 8, 
dadurch gekennzeichnet, daB der Gewichtsan- 
teil von Chrom in dem Katalysator zwischen 20 
0,05 und 30 % liegt. 

10. Verfahren nach einem der AnsprGche 1 bis 9, 
dadurch gekennzeichnet, daB der Katalysator 

in den Polymerisationsreaktor in Form eines 25 
Vorpolymers eingefuhrt wird. 

11. Verfahren nach einem der AnsprUche 1 bis 10, 
dadurch gekennzeichnet, daB die Polymerisa- 
tion in einem Wirbelschichtreaktor unter einem 30 
Druck von 0,5 bis 5 MPa und bei einer Tempe- 
ratur zwischen 0 und 130 *C ausgefuhrt wird. 

12. Verfahren nach einem der Anspruche 1 bis 11, 
dadurch gekennzeichnet, daB eine Verfahrens- 35 
bedingung auf einem vorbestimmten Wert mit 
Hilfe eines Rechners zur Verfahrenssteuerung 
konstant gehalten wird. 

Revendications 40 

1. Procede continu pour la polymerisation d'une 
alpha-olefine contenant de 2 a 12 atomes de 
carbone, procede effectue dans un reacteur de 
polymerisation en phase gazeuse en mettant 45 
un melange reactionnel gazeux, contenant I'al- 
pha-olefine a polymeriser, en contact avec un 
catalyseur a base d'oxyde de chrome associe* 

a un support granulaire et active* par un traite- 
ment thermique, ledit procede etant caracterise 50 
par le fait que Ton alimente le reacteur de 
polymerisation en (a) alpha-olefine et (b) cata- 
lyseur a debits constants. 

2. Procede selon la revendication 1, caracterise 55 
par le fait que I'on maintient constant le debit 
d'alimentation en alpha-olefine a I'aide d'un 
systeme de regulation du debit. 



3. Procede selon Tune des revendications 1 ou 2, 
caracterise par le fait que la pression totale du 
melange reactionnel gazeux ne depasse pas 
une pression maximale pr6determinee. 

4. Procede selon Tune quelconque des revendi- 
cations 1 a 3, caracterise par le fait que la 
pression totale du melange reactionnel gazeux 
est maintenue au-dessus d'une pression mini- 
male predeterminee. 

5. Procede selon i'une quelconque des revendi- 
cations 1 a 4, caracterise par le fait que Ton 
introduit un limiteur de chaTne dans le reacteur 
de polymerisation pour maintenir constante la 
pression partielle du limiteur de chaTne dans le 
melange reactionnel gazeux. 

6. Procede selon Tune quelconque des revendi- 
cations 1 a 5, caracterise par le fait que Ton 
introduit un comonomere dans le reacteur de 
polymerisation a un debit qui permet de main- 
tenir constant dans le melange reactionnel ga- 
zeux le rapport entre la pression partielle du 
comonomere et la pression partielle de I'alpha- 
olefine. 

7. Procede selon Tune quelconque des revendi- 
cations 1 a 6, caracterise par le fait que I'on 
introduit, separement du catalyseur et a debit 
constant, un compose* organom6tallique d'un 
metal des groupes I a 111 du Tableau Periodi- 
que des elements. 

8. Procede selon Tune quelconque des revendi- 
cations 1 a 7, caracterise par le fait qu'en plus 
du compose d'oxyde de chrome le catalyseur 
contient un oxyde de titane en quantite telle 
que la proportion en poids du titane dans ledit 
catalyseur soit comprise entre 0,1 et 20 %. 

9. Procede selon Tune quelconque des revendi- 
cations 1 a 8, caracterise par le fait que la 
proportion en poids de chrome dans le cataly- 
seur est comprise entre 0,05 et 30 %. 

10. Procede selon Tune quelconque des revendi- 
cations 1 a 9, caracterise par le fait que I'on 
introduit le catalyseur dans le reacteur de poly- 
merisation sous forme d'un prepolymere. 

11. Procede selon Tune quelconque des revendi- 
cations 1 a 10, caracterise par le fait que la 
polymerisation s'effectue dans un reacteur a lit 
fluidise sous une pression de 0,5 a 5 MPa et a 
une temperature comprise entre 0 et 130 'C. 
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12. Procede selon Tune quelconque des revendi- 
cations 1 a 1 1 , caracterise par le fait que Ton 
maintient constants, a une valeur predetermi- 
ned, une condition du procede* au moyen d'un 
ordinateur de commande du procede. 5 
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